The most significant result of this finding was to reveal the high efficiency of ISSR markers in 243 the discrimination of the two Plasmodium species from each other. Moreover, the ISSR-based 244 cluster analysis revealed that despite the high similarity among the P. cynomolgi accessions, P. 245 cynomolgi 63, 64, 65 and 70 slightly diverged from P. cynomolgi 66, 67, 68 and 69. 246 Another noticeable point was the problematic feature of the P. knowlesi species in the 247 amplification of AGA-and CTC-based ISSR markers. The latter case could be taken into 248 further consideration due to its importance in revealing the genomics, as well as the 249 composition of nucleotides of this species. 250 251 The principal components analysis of the two Plasmodium species using the ISSR data 252 confirmed the cluster analysis results. The PCA graph demonstrated a clear separation between 253 the two species of Plasmodium parasites by grouping those eight vectors of P. cynomolgi 254 accessions on the right side of the graph, and placing the 12 vectors of P. knowlesi accessions 255 on the left side of the graph (Fig. 3) . Two accessions P. cynomolgi 63 and P. cynomolgi 69 256 were positioned in the upper sites compared to the other members of this species. This situation 257 was similar to the ISSR-based cluster analysis of the Plasmodium species, in which these two 258 accessions were clustered as the two most-distinctive accessions of P. cynomolgi (Fig. 2) . 259 260 As mentioned previously, 19 ISSR primers out of 26 were found polymorphic in the infected 261 samples; thus to avoid any differences in the research trend, only the polymorphic primers were 262 used for screening the uninfected monkeys. This strategy was successful, in that all the primers 263 showed polymorphic banding patterns after optimization for the uninfected Macaque samples 264 too. Consequently, a total of 109 ISSR loci by an average of 5.7 loci per primer were generated. 265 Of these, a sum of 95 loci was detected as polymorphic loci. The size of the amplified ISSR 266 loci ranged between 380 to 1977 bp (Table 4) . 267 The polymorphic banding patterns of the primers in the uninfected long-tailed Macaque 268 samples was totally different from the Plasmodium accessions, in that the highest 269 polymorphism (100%) was produced by the UBC 820, UBC 822, UBC 824, UBC 841, UBC 270 842, UBC 844, UBC 845, UBC 881 primers while the lowest polymorphism was produced by 271 UBC 811 (57.1%) ( Table 4) . It is worthy to mention that some of these primers such as UBC 272 822, UBC 842, UBC 844 and UBC 845 did not produce even a single locus in P. knowlesi and 273 some of them like UBC 809, UBC 810 and UBC 811 were amongst the least-polymorphic 274 primers in the Plasmodium accessions (Table 3) . Primer UBC 840 generated the highest 275 number of loci (10) followed by UBC 815 with a total number of nine loci. The least number of 276 loci in the uninfected Macaque samples was generated by UBC 824 (3), UBC 845 (2) and UBC 277 868 (3) ( Table 4 ). The Shannon indices ranged from 0.3939 ± 0.3596 to 0.6763 ± 0.0000. The 278 highest Shannon index (0.6763 ± 0.0000) was related to primer UBC 844 as the most-279 polymorphic marker, and the lowest (0.3939 ± 0.3596) was related to UBC 811 as the least-280 polymorphic marker (Table 4) . 281 282 The ISSR-based cluster analysis of the 20 long-tailed uninfected Macaque accessions using the 283 UPGMA method resulted in the generation of three entirely distinct clusters shown with red, 284 blue and green colors (Fig. 4) . The Jaccard's similarity coefficient ranged between 0.20 and 285 1.00. Observing such a wide range in Jaccard's similarity coefficient complied with the 286 existence of a very high genetic variation among the long-tailed Macaque samples. 297 Unlike the cluster analysis of the Plasmodium accessions, the clustering of the long-tailed 298 Macaques was not in complete agreement with the geographical origins of the samples. The 299 best example of this contradiction was the construction of the blue cluster, where three 300 individuals belonging to the state of Selangor (M. fascicularis S3, S8, and S4) were clustered 301 together with individuals from Penang (Fig. 4) . 302 High level of genetic variation and the possibility of intra-specific hybridization among M. 323 knowlesi (Singh and Daneshvar, 2013) . A very recent study shows that information on the 324 diversity and transmission dynamics of the P. vivax population can potentially provide insights 325 into the changing dynamics of decreasing malaria occurrence and the progression of 326 elimination, as well as the effect of imported cases on the likelihood of successful elimination 327 in Central China (Liu et al., 2014) . Consequently, investigating the genetic diversification of 328 this zoonotic infection appears to be supportive to prevent and control the prevalence of P. 329 knowlesi malaria in Malaysia. However, the species-specific primers have already been 330 developed to detect and differentiate the five types of infectious Plasmodium to humans, but 331 studying the genetic variation of these Plasmodium species together using any of those specific 332 primers is seriously hampered by their high specificity. Exactly, under such circumstances, the 333 necessity of exploiting ISSRs as the universal primer pairs to target specific sequences in a 334 wide range of species is a helpful solution (Kumar et al., 2009 (Spitzen et al., 2013) . Differences in the relocation ranges of these two 360 species can be introduced as a key factor in constructing a different pattern in each group of the 361 monkeys. 362 Finally, taking the current results into consideration, it can be concluded that the most prevalent 363 Plasmodium infection in Selangor is related to P. knowlesi species, while the species P.
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364 cynomolgi is the most prevalent malaria infection in the state of Penang. 379 while the P5 and P6 belonged to Tanjung Tokong. This area is a suburb of George Town-380 Penang Island. Therefore, relying on the geographical proximity and natural relocation of the 381 three P5, P6 and P9 Macaque accessions is not a rational explanation for their genetic similarity 382 together, as well as with the accessions M. fascicularis S3, S4 and S8. As a matter of fact, the 383 Penang Island was connected to the mainland of Penang through the man-made structures 384 (bridge) by 1985. Therefore, natural relocation of the Macaques is logically ruled out, and 385 instead, human factor should be considered as an inevitable justification for witnessing such a 386 complex pattern in long-tailed Macaque population using the ISSR-based clustering. 387 Interestingly, a similar pattern has been outlined in a recent SSR-based assessment while the 388 individual assignment test using STRUCTURE analysis revealed an affinity between the 389 Penang and Selangor populations (Nikzad et al., 2014) . The source of such a genetic similarity 390 between these geographically distant sites probably is a result of activities back to 40-50 years 391 ago, when local traders transported long-tailed Macaques from Penang into Selangor for 392 exportation (Muda, 1982) . Nevertheless, the ISSR markers were successful by grouping both 393 the infected and uninfected individuals. 402 variation of the Malaysian long-tailed Macaque more than the SSR markers that were used by 403 Nikzad et al. (2014) for studying the genetic diversity of this species in Malaysia. 404 As mentioned previously, the presence of three anopheline mosquito species; namely, 405 Anopheles cracens (Vythilingam et al., 2008) , and A. hackeri (Wharton and Eyles, 1961) 413 Another reason which explains the reliability of our results to a high extent is the PCR method 414 that was used to detect the samples with single infections in the present study. The PCR has 415 provided a great opportunity to design highly sensitive methods of parasite detection (Bottius et 416 al., 1996) . The application of the nested PCR methods has improved the efficiency of the 417 assays markedly (Rubio et al., 1999) . Nested PCR includes two steps of amplifications in 418 which, the product of the first PCR reaction serves as the template for the second amplification. 419 It can enable a researcher to detect a single parasite genome practically and reproducibly in the 420 DNA template purified from 10 µl of blood sample (0.000002% parasitemia) or a 2.0 mm 421 diameter disc, punched from FTA filter paper (Snounou et al., 2002) . It is also suggested to 422 remove white blood cells from blood samples before DNA purification, or prior to apply and 423 preserve them on FTA cards. It makes them even more amenable to nested PCR in the samples 424 with lower parasitemia. 
Precision of the used PCR methods
